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FOREWORD 


This  research  and  development  was  conducted  In  response  to  Navy  Decision 
Coordinating  Paper,  Personnel  Supply  Systems  (NDCP  Z0107-FN)  as  a part  of  sub- 
project  PN.16,  Shore  Activity  Manpower  Planning  System  (SAMPS),  and  under  the 
sponsorship  of  the  Chief  of  Naval  Operations  (0P-01).  The  objective  of  the 
subproject  Is  to  develop  an  Integrated  system  of  computer-based  models  that  can 
be  used  to  minimize  the  differences  among  organizational  goals,  current  unpower 
trends,  and  employee  aspirations.  The  subproject  was  initiated  to  provide  the 
necessary  linkage  between  the  Office  of  Civilian  Personnel  (OCP)  unpower  models 
conceived  and  developed  under  research  (6.1)  and  exploratory  development  (6.2) 
phases. 

The  work  reflected  in  this  report  describes  the  construction  of  a set  of 
Navy  civilian  unpower  management  models  that  account  for  EEO  requirements. 

The  results  of  this  study  are  Intended  for  both  headquarters  level  activities 
(e.g. , NAVAIR,  NAVSEA,  Director  of  Navy  Laboratories)  and  local  activities  (e.g. 
naval  shipyards,  laboratories,  air  rework  facilities). 

Other  manpower  modeling  work  done  under  the  SAMPS  aegis  is  described  in 
NAVPERSRANDCEN  Technical  Report  79-10jf. 

Special  acknowledgment  is  due  to  Murray  Rowe,  NAVPERSRANDCEN,  for  his 
organization  and  revision  of  the  many  previously  published  and  unpublished 
documents  that  comprise  this  report. 


DONALD  F.  PARKER 
Co amending  Officer 
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planners.  The  results  my  be  used  to  establish  training  program  to  effect 
a "bridge"  between  occupations  to  met  both  BBC  and  production  objectives, 
la  addition,  the  feasibility  of  any  of  them  local  strategies  needs  to  re- 
flect the  constraints  imposed  on  the  local  facility's  mnpowex  system  by  the 
aggregate  level  of  the  organisation.  Bence,  the  trn  levels  of  the  models  an 
"coherently"  linked  to  one  another.  * ? 
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1.  The  Coherence /Cos  1-Arc  nodal  should  be  tested  in  large-scale,  industrial 
settings,  such  as  activities  of  the  Bevel  Material  Coamnd. 

2.  Analysis  of  external  labor  mrkate  applicable  to  mjor  MAV8SA  activities 
for  use  in  Improved  BIO  goal  determination  should  be  continued. 


3.  lesearch  should  be  extended  to  improve  the  nodels*  solution  time  end 
ability  to  handle  large  numbers  of  constraints  and/or  flexibility  optioni. 

4.  Conversational  versions  of  ths  RIO  snd  Coherence /Gos 1-Arc  nodels 
should  be  developed  for  headquarters  and  activity-level  use. 
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INTRODUCTION 


Problem 

The  U.S.  Navy,  along  with  other  U.S.  government  organizations,  is  an 
equal  employment  opportunity  (EEO)  employer.  Because  of  EEO  law  and  as- 
sociated pressures  and  incentives,  however.  Navy  civilian  manpower  managers 
find  it  difficult  to  match  qualified  people  to  jobs,  while  simultaneously 
providing  opportunities  for  minorities  and  women  to  achieve  adequate  representa- 
tion across  all  jobs.  This  problem  affects  both  the  supply  and  demand  sides 
of  manpower  planning:  The  supply  of  appropriately  qualified  individuals  in 
the  labor  pool  must  be  distributed  in  a fashion  consistent  with  their  ethno- 
sexual  (race-sex)  representation  in  relevant  populations,  and  the  demand  for 
individuals  must  be  a function  of  employment  opportunity  balancing  efforts 
as  well  as  production-related  manpower  requirements. 

The  problems  associated  with  manpower  planning  in  the  U.S.  Navy  are,  to 
a large  extent,  a function  of  the  complexity  found  in  large  organizations. 

This  complexity  often  results  in  conflicting  evaluations  of  a particular  policy; 
for  example,  a policy  may  produce  very  satisfactory  short-range  benefits  but 
undesirable  long-range  effects,  or  it  may  be  applicable  to  the  organization 
as  a whole  but  not  for  many  of  its  divisions.  Therefore,  in  developing  realistic 
(systematic,  automatable,  and  attainable)  manpower  planning  and  control  systems 
for  the  Navy,  particularly  in  an  EEO  context,  interest  must  be  directed  toward 
the  way  the  Navy  uses  its  available  civilian  manpower  over  time.  This  problem 
is  complicated  by  the  need  to  balance  potential  effects  on  the  system's  pro- 
ductivity and,  hence,  its  ability  to  perform  its  ordinary  functions  against 
the  benefits  that  can  accrue  to  individuals  who  are  recruited  or  placed  within 
the  system  to  meet  EEO  goals. 


The  objective  of  this  effort  was  to  construct  Navy  civilian  manpower  manage- 
ment models  that  accommodate  EEO  requirements  in  a reasonable,  yet  comprehensive 
and  coordinated  manner.  Two  types  of  models  are  required:  a master  goals 
policy  planning  model  and  a local  personnel  planning  model.  This  approach 
allows  for  planning  and  monitoring  major  facets  of  the  related  recruitment, 
promotion,  transfer,  and  organizational  structure  adjustments  that  need  atten- 
tion over  pertinent  time  intervals. 


The  civilian  personnel  planning  modeling  research  that  was  originated  by 
Charnea,  Cooper,  and  Nlehaus  (1972)  provided  a basis  for  extending  this  research 
to  Include  EEO  Issues.  The  first  step,  as  reported  by  Charnes,  Cooper,  Lewis, 
and  Nlehaus  (1976),  was  to  include  new  model  elements  in  an  attempt  to  meet  * 
mission-related  manpower  goals  and  social  responsibilities  as  represented  by 
EEO  goals  in  personnel  modeling  schemes.  It  was  found,  however,  as  discussed 
by  Burroughs  and  Nlehaus  (1976)  and  Burroughs,  Korn,  Lewis,  and  Nlehaus  (1976) 
that  the  resulting  model — called  the  Flexible  EEO  (FEEO)  model — could  not  be  * 
used  at  the  local  level  because  of  small  cell  size  problems.  This  led  to  the 
development  of  an  organization  design  model  by  Charnes,  Cooper,  Lewis,  and 
Nlehaus  (1976)  that  employs,  for  local  planning  levels,  a nonlinear  goal 
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programming  model  that  is  iteratively  computed  by  an  approximating  capacitated 
distribution  model.  The  state-of-the-art  was  further  advanced  by  Lewis  (1977), 
who  developed  prototype  models  with  operational  data,  and  EEO  goals  that 
considered  regional  labor  market  data.  The  local  model  was  also  extended 
into  a "goal-arc  network  formulation"  by  Chames,  Cooper,  Lewis,  Nelson,  and 
Niehaus  (1977),  which  could  be  used  in  a local  naval  installation. 

Niehaus  (1978)  observed  that  aggregate-local  manpower  planning  decision- 
making linkages  must  be  systematically  coordinated  either  directly  or  through 
judgmental  linkages  so  as  to  provide  for  realistic  overall  policies  coupled 
with  local  personnel  management  decisions.1  This  coordination  is  to  be  ac- 
complished by  a "bottoms-up"  development  of  EEO  goals  supplemented  by  organiza- 
tion design  models  at  the  local  level  and  a policy  analysis  model  at  the  over- 
all organization  level.  Integral  to  this  system  is  an  external  labor  market- 
analysis  capability  developed  by  Atwater,  Niehaus,  and  Sheridan  (1978)  to 
determine  the  available  labor  pools.  Also  required  is  an  accountability  system 
as  proposed  by  Niehaus  and  Nitterhouse  (1978)  to  track  the  goals,  plans,  and 
action  process.  Later  versions  of  the  latter  system  will  probably  move 
toward  a strengthening  of  modeling  capabilities  as  more  knowledge  becomes 
available  through  actual  system  operation. 

The  remaining  sections  describe  the  component  aggregate  and  local  models, 
along  with  the  integration  of  a systems  framework  for  EEO  planning.  Later 
reports  will  describe  the  area  of  external  labor  market  analysis  in  terms  of 
a large-scale  organizational  test  in  the  Naval  Sea  Systems  Command  (NAVSEA), 
which  covers  approximately  100,000  civilian  employees  in  22  local  labor  markets. 


^ee  also  Chapters  III  and  IV  of  Niehaus  (in  press). 


2 


l 


EEO  MODEL  STRUCTURES 


Master  Goals  Policy  Planning  Model 

A goal  programming  model  with  embedded  Markoff  transition  matrices  was 
formulated  to  deal  with  multiple  objectives  involved  in  satisfying  EEO  con- 
ditions over  time  at  an  aggregate  or  Navy-wide  level.  This  kind  of  model 
allows  decision-makers  to  pursue  multiple  manpower  goals  (which  may  be  in- 
consistent with  each  other)  while  simultaneously  accommodating  other  con- 
cerns, including  financial/budgetary  limitations.  It  was  first  formulated 
as  a Flexible  Equal  Employment  Opportunity  Model  (FEEO)  to  include  both  up- 
ward mobility  and  other  concerns  in  the  same  model  structure.  Before  describ- 
ing this  FEEO  modeling  approach,  however,  it  should  be  noted  that,  for  opera- 
tional purposes,  only  a reduced  version  of  the  model  ms  tested.  This  version 
ms  obtained  by  omitting  the  flexibility  and  upward  mobility  features.  Com- 
putational support  of  the  original  model  was  not  possible. 

The  FEEO  model  is  formulated  to  accommodate  both  the  short-run  and  longer- 
run  considerations  of  an  organization,  so  that  immediate  (short-run)  operating 
needs  may  be  satisfied  while  progress  is  being  made  tomrd  longer-run  targets 
set  up  to  satisfy  EEO  objectives.  The  FEEO  model  thus  tries  to  use  a given 
organizational/social  structure  to  best  advantage  in  a way  that  makes  contact 
with  their  present  (or  initial)  states  while  explicitly  indicating  how  that 
structure  should  be  changed — in  "the  best  possible  manner" — tc  achieve  EEO 
goals.  In  the  short-run,  the  model  considers  the  total  number  of  "on-board" 
personnel  at  each  job  level  or  group  of  job  levels  (e.g.,  GS-9  through  12) 
and  occupational  group  (e.g.,  technician),  and  assigns  them  in  the  best 
possible  way  to  occupation  groups  judged  necessary  for  conducting  the  day-to- 
day  operations  of  the  organization.  This  is  done  with  respect  to  static 
and  dynamic  considerations  represented  by  transition  probabilities  in  Markoff 
matrix  formats  that  are  embedded  in  a wider,  time-dependent  goal  programming 
model  context.  These  transition  and  promotion  rates  prevailing  from  past 
experience  are  then  altered,  within  a goal  programming  framework,  to  provide 
new  steady-state  transition  and  promotion  probabilities  that  will  increase 
the  probability  of  more  closely  approaching  the  EEO  goals  in  the  long  run. 

Additional  managerial  controls  are  also  provided  as  part  of  the  managerial 
flexibility  options  in  the  FEEO  model  by  allowing  short-run  specifications  on 
the  lower  bound  of  the  acceptable  number  of  on-board  personnel  of  a given 
minority  status  at  each  job  category  (occupational  group-job  level)  over  a 
single  time  period.  These  options  are  then  merged  for  simultaneous  considera- 
tion with  other  manpower  planning  results  for  their  bearing  on  long-term  Issues 
of  meeting  EEO  targets.  The  link  between  the  long-  and  short-term  is  Included 
in  the  model  design  via  Markoff  matrices,  which  reflect  the  movements  of  per- 
sonnel from  job  level  to  job  level  (or  occupation  to  occupation)  over  time.  The 
managerial  controls  incorporated  in  the  model,  however,  can  be  used  to  keep  the 
resulting  plans  under  management's  direction  at  all  times. 

In  summary,  the  overall  objectives  of  the  FEEO  model  are  to  minimize  dis- 
crepancies between: 

1.  Planned  on-board  personnel  and  the  organization's  immediate  manpower 
requirements. 


2.  The  actual  number  of  on-bcard  personnel  of  a given  minority  or  ethno- 
sexual  status  at  each  job  category  and  the  desired  number  of  given  minority 
status  personnel  on-board  at  each  job  category  at  specified  points  in  time. 

The  FEEO  model  mathematical  formulation  and  associated  definitions  are 
provided  In  Figures  1 and  2 respectively. 

Figure  1,  line  (2)  gives  the  first  set  of  constraints  in  the  form  of 
Total  Manpower  Goals.  These  constraints  reflect  the  goals  for  numbers  of 
personnel  in  each  job  category  for  each  time  period  t.  These  are  short- 
term constraints  that  deal  with  satisfying  an  organization's  Immediate 
operating  needs.  For  a single  equation  In  the  constraint  set,  on-board 
minority  personnel  at  a particular  job  category,  say  1,  are  added  to  non- 
minority personnel  on-board  at  that  position.  Thus,  X^(t)  Is  summed  over 
all  k personnel  types  to  produce  X. (t).  To  this  sum  are  added  deviational 

•f  _ * 

terms,  6^(0,  6^(t),  which  represent  the  number  of  on-board  personnel  in  a 

particular  job  category  that  either  exceed — 3*  > 0 — or  fall  short — 3~  > 0 — 

of  the  goal.  This  goal,  g^t),  Is  a specified  number  that  represents  the 

staffing  requirements  thought  necessary  for  each  job  category  to  maintain 
sufficient  output  of  the  goods  or  services  that  justify  an  organization's 
continued  existence  in  the  short  run. 

The  deviation  terms,  3*(t)  and  6~(t),  allow  positive  and/or  negative 

slack  In  meeting  total  manpower  goals.  The  values  of  6^(t)  and  6~(t) , as 

already  noted,  represent  deviations  from  the  goals  stated  by  the  values  pre- 
scribed for  the  g^t).  These  deviations  are  then  weighted  by  the  constants 

W^(t)  and  w^(t)  that  reflect  the  relative  Importance  of  each  of  the  indi- 
cated goals  as  the  objective  function,  shown  on  line  (1)  of  Figure  1,  pushes 
the  solution  toward  meeting  goals  in  a manner  that  assures  that  the  resulting 
deviations  are  minimal. 

The  longer-run  issue  of  setting  and  meeting  target  values  for  EEO  goals 
is  represented  in  the  next  set  of  constraints.  Note  that  the  variables  x£(t) 
and  the  prescribed  goals  g±(t)  which  appear  In  (2)  are  also  present  In  (3). 
Hare,  however,  the  g^t)  are  multiplied  by  fractions  g*(t)  for  the  proportion 

of  a given  personnel  status,  say  type  k (e.g. , a minority),  who  are  to  be 

represented  in  the  total  for  the  job  category  as  reflected  in  goal  g.  (t). 

^ i 

The  variables  3^(t)  and  3^(0 , which  are  both  constrained  to  be  nonnega- 
tive, represent  deviations  from  these  targeted  goals  with  these  values  being 
weighted  by  prescribed  constants  wlfc(t)  In  the  functional  (1). 


4 


-* 
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Minimize: 

(1)  FUNCTIONAL 

subject  to: 


l W.. (0(4* (t>+6"  (t))  + l W (t)(6j(t)+6T(t)) 
ikt  ik  it  x 1 


(2)  TOTAL  MANPOWER 
GOAL  CONSTRAINTS 


(3)  EEO  PROPORTIONAL 


6i(t)  ‘ 6i(t)  + ^ xi(t)  " 8i(t) 


CjCAJ  rRuruiuxuiiAb  . k k 

GOAL  CONSTRAINTS  6ik(t)  ~ 6ik(t)  + Xi(t)  " 8i(t)gi(t) 


(A)  TRANSITION  . „ v _ k k r k 

CONDITIONS  -h*(t)  - l Zjj  (t)  - I m^xJU-l)  + xj(t)  + £ (t) 

(5)  MAXIMUM  ADDITIVE  . . k 

FLEXIBILITY  Z*  (t)  + f J J (mJli)Xi(t-l) J > 0 


- 0 


1 


(6)  MAXIMUM  SUBTRACTIVE  . . 

FLEXIBILITY  + mij.Xi(t)  - 0 


(7)  ADDITIVE-SUBTRACTIVE  . . 

. BALANCE  CONDITIONS  l Zik(t)  - £ Y„(t)  - 0 


j 


j 


ij 


(8)  MINIMUM  EEO 
PROPORTIONS 


(9)  BUDGETARY 
CONSTRAINTS 


X*(t)  - pj(t)gl(t)  > 0 


-l  l cj  (t)X^(t)  > -b^t) 
ik  1 

-l  l l ^(t)^ 

i]k  J J 


k (t-1)  > -b2(t) 


-X  1 cf(t)hk(t)  > -b3(t) 

ik  1 1 

where  «+k(t),  «"k(t),  «+<t),  fi*(t),  X*(t),  Z^(t),  Y^U),  and  X^U)  are 
non-negative  for  all  i,  j,  k,  and  t. 


Figure  1.  FEEO  model  mathematical  formulation. 
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Variable  or  Parameter 
X*(t) 


xi(t) 


■ij 


g^t) 


gj(t) 


6^(t),  6~(t) 


^(t),  6±k(t) 


zij  <t> 


hj(t) 


fSj(t) 


<l(t> 


Definition 


Number  of  personnel  of  type  k in  job  i in  period  t. 


r k 

l X (t)  = total  number  of  personnel  in  job  category  i 
k 

in  period  t — the  sum  over  all  personnel  types  k. 

Current  or  "historical"  transition  rate  from  job  cate- 
gory i to  job  category  j. 


Total  in  job  category  i across  all  k personnel  types 
which  forms  the  total  goal  prescribed  for  period  t. 


Proportional  goal  in  job  category  i for  personnel  type 
k in  period  t. 


Deviational  terms  for  discrepancies  from  the  total 
goals  in  time  t. 


Deviational  terms  for  the  proportional  goals  in  time  t. 


Number  of  personnel  type  k in  job  category  i in  period 
(t-1)  additionally  transferred  to  category  j in  period  t. 


Number  of  personnel  type  k "hired"  from  outside  into 
category  i in  period  t. 

V 

NOTE:  h. (t)  < 0 represents  a RIF  (Reduction  in  Force), 
and  h^(t)  > 0 represents  an  augmentation  via  outside 
recruitment  into  the  organization. 


Policy  parameters  that  can  be  used  to  further  stipulate 
the  nature  of  additional  flexible  transfers. 


Number  of  personnel  type  k,  job  category  i,  not  trans- 
iting to  job  category  j in  period  t via  the  expected 
transition  rate  m^ . 


Figure  2.  FKEO  model  variable  and  parameter  definitions. 
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Variable  or  Parameter 


Definition 


Pj(t) 


Minimal  proportions  requirements  of  type  k personnel 
in  job  category  i during  period  t. 


cj(t) 


Salary  cost  in  job  category  i in  time  period  t. 


c2(t) 


Transfer  costs  (salary  + training)  for  the  flexible 
transfers  from  job  category  i to  j in  time  t. 


c3(t) 


b^t),  b2(t),  b3(t) 


Salaries  + recruiting  costs  for  new  hires  (or  pen- 
alties associated  with  Reductions  in  Force  (RIFs) 
k 

when  h^(t)  < 0)  in  period  t. 


The  respective  budgetary  limits. 


Figure  2.  (Continued) 


The  MINIMUM  EBO  PROPORTIONS  (Figure  1,  line  (8))  place  short-term  lower 

lr 

bounds,  p1(t),  on  the  proportions  of  minority  personnel  deemed  as  "base-line" 

acceptable  in  each  job  category  i.  These  bounds,  when  combined  with  the  PRO- 
PORTIONAL EBO  GOALS  (line  (3)),  determine  the  fractional  part  of  the  total 
work  force  at  each  job  category  that  will  be  of  a minority  status  at  any  point 
in  time. 

Over  a period  of  time,  on-board  personnel  may  move  from  one  occupation  or 
job  level  to  another.  Such  movements  are  catalogued  historically  and  the 
probabilities  of  their  occurrence  estimated  to  form  a Markoff  matrix  of  ex- 
pected transition  rates.  It  may  be  the  case,  however,  that  to  best  achieve 
multiple  objectives  defined  by  an  EEO  manpower  program,  actual  movements  will 
not  equal  expected  transitions.  More  individuals  may  move  from  job  1 to  job  j 
than  expected  historically;2  it  therefore  follows  that,  for  other  possible 
transitions  from  job  i (over  the  same  period),  fewer  individuals  than  historically 
expected  will  move.  This  concept  of  "flexibility"  permits  the  model  to  take 
advantage  of  historical  data,  but  does  not  restrict  the  model's  solution  to 
mirror  transition  situations  of  the  past. 

Special  attention  is  drawn  to  the  fact  that  these  flexibility  options 
make  it  possible  to  do  more  than  accelerate  the  progress  toward  the  EEO  goals 
specified  for  each  time  interval,  t.  They  also  make  it  possible  to  demon- 
strate objectively  the  progress  that  is  being  made  in  the  resulting  affirma- 
tive actions  over  all  of  these  periods.  Hence,  these  flexibility  options 
make  it  possible  to  achieve  such  affirmative  action  results  without  recourse 
to  the  rigidity  associated  with  other  alternatives  such  as  prescribed  ethno- 
sexual  quotas.  Moreover,  since  these  options  are  exercised  in  ways  that  apply 
through  the  whole  planning  time  horizon,  they  also  provide  an  effective  way 
to  change  past  transition  rates  to  new  ones  that  bear  on  future  promotion  and 
transition  probabilities.  In  this  way,  the  entire  organization  is  moved  toward 
incorporating  these  results  into  its  more  permanent  design. 

The  MAXIMUM  ADDITIVE  FLEXIBILITY  constraints  (Figure  1,  line  (5)),  reflect 

lr 

positive  flexibility,  the  Z^fa),  in  the  transition  rates  over  those  historically 

expected,  m^ , for  each  personnel  type  k.  The  additional  (positive  flexibility) 

transfers  of  some  particular  personnel  type  out  of  a job  category  cannot  exceed 
the  total  number  of  personnel  of  that  type  who  were  in  that  category  at  the 
start  of  the  period. 

Due  to  additional  transits  of  some  personnel  type  as  described  by  positive 

lr 

flexibility,  fewer  transfers  than  historically  expected,  Y^(t),  will  occur  from 

appropriate  jobs.  This  effect  is  denoted  by  the  MAXIMUM  SUBTRACTIVE  FLEXIBILITY 
(Figure  1,  line  (6)).  Again,  an  upper  bound  exists  on  the  number  of  people  who 
will  not  move  that  would  otherwise  be  expected  to  move. 


2Tran8ition  in  this  model  refers  to  movement  from  job  1 to  job  j where  j 
may  equal  i;  that  is,  for  completeness,  people  who  do  not  change  jobs  from  one 
period  to  another  are  nevertheless  thought  of  as  transiting  from  their  current 
job  1 to  that  same  job  1. 
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The  ADDITIVE-SUBTRACTIVE  BALANCE  CONDITIONS  (Figure  1,  line  (7))  are  slaply 
accounting  equations  that  conserve  the  number  of  people  undergoing  flexible  move- 
ments In  the  system.  That  is,  the  sum  of  all  positive  movements  out  of  job  1 
must  equal  the  transitions  out  of  job  1 that  do  not  occur,  but  were  expected  to 
occur. 


During  a given  time  period.  It  Is  also  necessary  to  consider  movement  into 
an  organization  from  external  sources  by  hiring,  +|h^(t)|  and  from  the  organiza- 
tion by  Reductions  in  Force  (RIFs),  -|h^(t)|  for  each  personnel  type  k. 


All  of  these  movements  produce  TRANSITION  CONDITIONS  (Figure  1,  line  (4)). 
These  constraints  reflect  equality  between  the  respective  number  of  personnel 

lr 

of  each  type  k at  each  job  category  j at  some  time  t,  X (t),  with  the  expected 

J . I. 

number  of  on-board  personnel  who  will  move  into  the  job,  £m*.jX^(t-l),  plus  the 
flexibility  of  additional  Jz^(t),  or  fewer  -£y^  (t) , people  transiting  from 


ij 


job  j beyond  those  expected,  plus  new  hires  from  outside  +|h*(t)|  minus  RIFs, 

ii_k/^.\  i . ....  — 


-|h*(t)|;  that  is. 


THOSE  EXPECTED 

TO  TRANSIT  + (±  FLEXIBILITY)  + HIRES  - RIFs  - ON-BOARD 
for  each  personnel  type  k and  job  category  i at  time  t. 

Finally,  there  is  a set  of  budget  constraints  (Figure  1,  line  (9».  The 

first  represents  a salary  budget,  b*(t),  for  all  job  occupants  in  each  time 
period  t.  The  second  Inequality  in  this  set  of  budfeet  constraints  refers  to 

_ 2 It 

transfer  costs  (salary  plus  training),  I C. . (t)Zv. (t-1),  incurred  during  each 

ijk  13 

time  period  for  flexible  transfers  from  the  previous  time  period.  The  last  group 
represents  salaries  plus  recruiting  costs  for  new  hires,  or  penalties  Incurred 
from  RIFs.3 


The  model  was  tested  via  numerical  example  and  found  to  be  computable, 
but  the  studies  described  in  Burroughs,  Korn,  Lewis,  and  Nlehaus  (1976)  and 
Lewis  (1977)  showed  that  a complete  FEEO  model  for  a Navy-wide  application 
would  involve  some  7500  rows  and  12,000  columns.  This  is  too  large  and 
costly  for  implementation  with  current  computer  system  end  software  con- 
straints . 

A variety  of  strategies  to  deal  with  this  phenomenon  was clearly  needed. 

One  strategy  was  directed  to  research  that  would  develop  computational  routines 


, 3 L 

JHere  the  C. (t)  values  are  the  same  for  both  new  hires,  h,(t)  > 0,  and 

RIFs,  ht(t)  < 0,  but  this  may  be  easily  altered  to  distinguish  "new  hire"  and 

"RIF"  costs  if  desired.  See,  e.g. , Charnes  and  Cooper  (6). 


9 


to  exploit  the  special  structure  of  the  FEEO  model.  This  work  is  still  in 
progress  and  the  new  goal-arc  methods  described  in  the  next  section  fora  one 
part  of  this  work.  In  the  meantime,  various  modifications  or  reductions  of 
the  FEEO  model  were  used  for  a variety  of  other  applications.  This  Included, 
for  example,  a version  without  EEO  ethnosexual  categories  in  a number  of 
civilian  promotion  planning  applications,  as  in  Albanese,  Korn,  Nlehaus,  and 
Padallno  (1977)  and  Niehaus  and  Nltterhouse  (1978). 

As  outlined  in  Burroughs  and  Niehaus  (1976),  at  the  request  of  the 
Assistant  Secretary  of  the  Navy  (Manpower  and  Reserve  Affairs),  a reduced 
version  of  the  model  was  also  developed  for  Navy-wide  use.  The  results  obtained 
from  this  reduced  model  showed  that  the  existing  Navy  civilian  EEO  goals  policy 
needed  substantial  revision.  The  Implemented  version  eliminated  the  flexibility 
features  so  that  much  of  the  existing  large-scale  software  system  already  in 
place  could  be  used  without  modification. 

Using  the  definitions  of  Figure  2,  this  reduced  model,  as  shown  in  Figure  3, 
can  be  reproduced.  A comparison  of  Figure  3 with  Figure  1 shows  that  the  af- 
firmative action  aspects  of  the  general  FEEO  model  were  removed.  Also,  the 
budgetary  constraints  were  replaced  by  simpler  manpower  ceiling  constraints. 
Rough  estimates  made  of  the  EEO  goals  reflected  in  existing  policy  were  then 
incorporated  in  the  reduced  model;  this  sufficed  to  show,  as  already  noted, 
that  these  goals  needed  substantial  revision. 

Local  Personnel  Planning  Models 

The  manpower  planning  process  in  the  Navy  (or  any  enterprise)  Involves  a 
derivation  of  manpower  demand  forecasts  in  relation  to  "corporate"  objectives. 
This  includes  provision  for  feedback  into  revision  of  the  objectives  from  the 
results  of  the  manpower  forecasts.  In  addition,  these  forecasts  must  relate 
to  other  plans  and  parts  of  the  organization  via,  for  example,  financial 
decisions  supported  by  a common  budget. 

The  FEEO  model  and  its  modifications  are  Intended  for  comprehensive  policy 
testing  at  aggregate  levels  in  the  civilian  manpower  planning  efforts  of  the 
Navy.  While  final  coordinating  decisions  are  the  purview  of  top  management, 
there  are  many  decisions  and  Interactions  that  should  be  addressed  at  the  local/ 
regional  level  of  decision-making  on  the  way  toward  those  final  decisions. 

Thus,  something  further  is  required  for  determining  individual  or  "almost  in- 
dividual" assignments  at  the  micro  levels  of  local  installations— such  as 
shipyards  or  laboratories — where  the  sparsity  of  jobs  in  some  categories  in- 
troduce difficulties  in  rounding  to  integer  solutions.  Thus,  models  need  to 
be  developed  at  the  micro  level  that  are  "coherent"  with  the  results  of  overall 
planning,  but  that  yield  Integer  solutions.  The  Coherence  and  Goal-Arc  models 
described  below  are  directed  toward  this  problem.  For  the  present,  consistency 
is  to  ba  accomplished  by  a "bottome-up"  goal  development  process  until  testing 
of  the  local  personnel  planning  model  is  completed. 


Minimize 


A "Coherence  Model 

To  illustrate  the  operation  of  the  Coherence  model,  consider  two 
personnel  types  a ■ 1,  2 (e.g.,  females  and  males)  and  transition  periods 
t ■ 0,  1,  2.  For  job  categories  in  this  example,  let  i,  j - 0,  1,  2,  3, 
where  1 - clerical,  (C),  2 - technical,  (T),  3 - administrative,  (A)  and 
0 represents  natural  attrition  00  and  forced  attrition  (0),  both  of  which 
are  movements  to  "outside”  of  the  organization. 

First,  let  X^(t-1,  t)  represent  transfers  from  job  i to  job  j between 

two  successive  periods  for  personnel  type  a.  These  transfers  are  expected  to 
occur  in  accordance  with  the  organization's  historical  promotion-transition 
experience.  This  is  represented  in  a Markoff  matrix  such  as  the  one  shown  in 
Figure  4. 
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Figure  4.  Example  of  a Markoff  transition  matrix. 
(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Niehaus  (1977)) 


In  Figure  4,  for  instance,  the  first  row  shows  that  based  on  past  experience, 

26  percent  of  the  clerical  personnel  are  expected  to  leave  via  natural  attrition 
70  percent,  to  remain  as  clerks  from  one  period  to  the  next;  3 percent,  to  love 
to  the  technical  category;  and  1 percent,  to  become  administrators. 

Figure  5 contains  proportionality  factors,  p°,  which  are  used  to  derive 

the  requirements  of  personnel  of  each  personnel  type  a in  job  j for  each  time 
period  from  the  total  number  of  job  positions  that  exist.  Note  that  these  are 
given  as  both  actual  and  desired  proportions,  reflecting  the  on-board  status 
of  the  personnel  type  and  the  associated  "goals"  for  representation  over  the 
planning  horizon.  For  example.  Figure  S Illustrates  management's  desire  to 
redistribute  clerical  jobs  across  male  and  female  employees  such  that  male 
representation  in  this  job  will  change  from  11  percent  to  25  percent.  The 

actual  p°  proportions  are  obtained  from  the  on-board  starting  population, 

while  the  desired  p“  proportions  represent  policy  statements  concerning  desired 

mixes  of  personnel  for  the  future. 
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Figure  5.  Actual  and  desired  proportions  of  male,  female  personnel. 
(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Nlehaus  (1977)) 


The  total  number  of  jobs,  (t) , obtained  from  the  aggregate  model  for 
the  indicated  time  periods,  appears  in  Figure  6. 

Combining  these  a^(t)  values  with  the  p“  from  Figure  5 produces  the 

amounts  shown  on  the  rims  of  Figure  7.  For  instance,  600  - .89  (675)  represents 
the  estimated  number  of  females  "on-board"  in  the  clerical  category  in  period 
t ■ 0,  while  525  ■ .75  (700)  represents  the  period  1 "goal."  Note  the  way, 
then,  in  which  the  results  obtained  from  the  aggregate  model  in  Figure  6 are 
combined  with  local  (actual  and  desired)  proportions  data  to  produce  the  wanted 
"coherence." 
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The  location  of  nonlinear  goal  functionals  is  indicated  in  Figure  7 by 
the  cells  with  numerical  entries  representing  "goal”  values  enclosed  in  double 
lines  in  the  upper  right-hand  corner.  These  nonlinear  functional  elements 
are  introduced  to  produce  a change  in  model  format  from  one  with  a complex 
matrix  structure  to  one  of  a "dyadic"1*  or  distribution  model.  The  original 
constraining  relations  can  thereby  be  replaced  with  non-linear  elements  in 
the  objective  functional.  This  gives  rise  to  what  may  be  called  "artifact 
goals,"  since  their  purpose  is  to  secure  approximate  equivalence  between  the 
more  complex  embedded  Markoff  constraint  structure  in  the  original  goal  pro- 
gramming format,  and  the  simpler  constraint  structures  of  distribution  type 
models.  This  also  permits  the  model  to  obtain  integer  solutions  without 
resorting  to  special  integer  programming  routines. 

To  understand  more  completely  the  significance  of  these  "artifact  goals," 
refer,  for  example,  to  the  value  420  that  appears  in  the  upper  right  corner 
of  the  clerical  cell  representing  transition  from  t ■ 0 to  t ■ 1.  To  obtain 
this  value,  proceed  as  follows.  From  the  Markoff  matrix  of  Figure  4,  observe 
that  70  percent  of  all  clerical  personnel  are  expected  to  remain  in  that  category 
from  one  period  to  another.  Moreover,  there  is  no  inflow  into  the  clerical 
position  from  either  the  Technical  or  Administrative  categories.  Hence,  the 
pertinent  transition  probabilities  are  applied  to  the  period  0 total  of  675 
persons  in  this  category  from  Figure  6 to  obtain  .7(675)  - 472.5.  Then,  to 
determine  the  expected  flow  of  female  personnel  in  this  category,  refer  to  Figure 
5,  where  it  is  observed  that  .89  is  the  relevant  proportionality  factor  to 
employ.  Thus,  .89(472.5)  - 420  is  obtained  as  the  applicable  "artifact  goal." 

An  example  of  an  extended  usage  of  this  artifact  goal  device  might  be 
made  with  respect  to  the  flexibility  options  that  can  be  employed  by  management 
to  redistribute  manpower  resources  across  occupations.  By  specifying  particular 
jobs  into  which  the  manpower  flow  is  allowed  to  exceed  normal  expectations  over 
a given  transition  period,  additive  flexibility  is  defined.  As  the  model  solves 
for  the  additive  flexibility,  required  by  management  distribution  requirements, 
appropriate  "bridge  positions"  are  determined.  Bridge  position  establishment 
represents  interoccupatlonal  movement  that  facilitates  changes  in  the  Internal 
organizational  structure  in  line  with  desired  patterns  of  manpower  redistribu- 
tion. To  balance  the  additional  flexible  movements  in  the  system  with  the  man- 
power goals,  some  of  the  associated  artifact  goals  may  not  be  achieved.  Thus, 
for  particular  jobs,  the  upper  bounds  will  not  be  reached,  whereas  for  other  jobs 
more  movement  than  normally  expected  will  be  realized.  Such  an  expansion,  though, 
will  occur  at  the  expense  of  enlarging  the  dyadic  design.  Recent  developments 
in  algorithmic  combinations  and  computer  codes,  however,  make  the  computational 
costs  of  such  elaborations  relatively  inexpensive. 

The  array  of  Figure  7 must  be  transformed  in  order  to  obtain  an  equivalent 
distribution-assignment  format.  This  is  accomplished  and  shown  in  Figure  8. 

(Note  the  use  of  the  ”N"  columns  in  this  figure  to  distinguish  natural  attrition 
from  forced  attrition,  which  is  designated  in  the  "0"  or  "outside  sources"  col- 
umns.) In  this  figure,  the  functional  coefficients,  which  represent  the  set  of 
relative  priorities  established  by  management  for  policy-making,  appear  as 
numerical  values  in  the  upper  left-hand  corner  of  the  pertinent  cells.  For  slack 

4 See  Charnes  and  Cooper  (1961). 
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Figure  8.  Expended  dyadic  format  for numerical . Illustration 
(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Nlehaus  (1977)) 


or  transshipment  cells,  the  relative  priorities  are  represented  as  zero,  and 
as  -1  for  the  cells  corresponding  to  activity  below  or  equal  to  the  goal  values. 
The  coefficients  "P"  correspond  to  those  penalties  that  are  associated  with 
policy-directed  changes  in  movement  rates  that  permit  additional  transfers  or 
retentions  of  positions  beyond  those  which  would  normally  be  produced.  The 
result  of  these  policy-directed  changes  is  "flexibility.”  Note,  for  Instance, 
the  420  in  the  cell  C in  going  from  t » 0 to  t ■ 1 means  that  this  normal  flow 
value  is  at  its  upper  bound  so  that  this  artifact  goal  is  achieved.  An  addition 
of  four  more  females,  however,  is  planned  at  a penalty  rate  of  "P"  per  unit, 

via  the  cells  C to  C*  in  these  same  periods.  The  coefficients  ”R”  in  Figure  8 
refer  to  high  penalties  for  RIFs,  and  the  coefficients  "H"  refer  to  much  smaller 
penalties  incurred  by  hiring  from  outside. 


The  numerical  entries  in  the  cells  of  Figure  8 correspond  to  a solution 
as  may  be  verified  by  summing  to  the  rim  totals.  The  row-column  "numbers"  are 
represented  on  the  left  and  at  the  top  of  Figure  8 via  their  symbolic  values  of 
0,  H,  -P  + H + 1,  etc.,  as  discussed  above.  Checking  these  values  against  the 
vacant  cells  and  those  indicated  with  bars  above  them — to  indicate  that  they  are 
at  their  upper  bounds — will  confirm  that  this  program  is  optimal.  That  is,  none 
of  the  vacant  cells  can  be  augmented  to  a positive  program  value  and  none  of  the 
barred  values  can  be  reduced  without  increasing  the  total  of  the  deviations  from 
the  prescribed  goals. 

The  Goal-Arc  Model 


The  Goal-Arc  model  is  an  extension  of  the  Coherence  model  that  permits 
even  more  efficient  solutions  by  reformulating  the  problem  into  a network  flow 
model.  To  illustrate  the  Goal-Arc  model,  personnel  transfers  are  described  in 
terms  of  flows  or  several  types  of  arcs  between  several  types  of  nodes:5 


1.  Two  nodes  are  assigned  to  each  job  in  each  period,  an  "antecedent” 
and  a "consequent.”  "Job”  nodes  are  designated  as  those  corresponding  to  out- 
side sources  for  recruitment  (antecedents)  and  outside  Involuntary  retirements 
(consequents).  In  addition,  there  are  "job  nodes”  for  normal  organizational 
attrition  (consequents).  The  class  of  antecedent  "job”  nodes  for  period  t is 


designated  as  J (t)  and  the  class  of  consequent  "job”  nodes  by  J+(t) . J~(t)  Is 

the  1th  job  antecendent  nodes;  J*(t ) is  the  jth  job  consequent  node. 


2.  For  each  proper  (real)  job  between  two  periods,  a "valve”  node  Is 

designated  to  receive  the  goal-arc  flow  from  the  consequent  node  of  the  Im- 
mediate past  period  and  to  transmit  an  upper  and  lower  bounded  flow  to  the 
next  period  antecedent  node.  For  this  case,  let  V.(t)  denote  the  valve  node 
for  job  1 between  period  t-1  and  t.  1 

3.  A supersource  node,  S , and  a auperslnk  node,  S . , , are  added  for 

o nti 

PNET  code  (computer)  purposes.  The  supersink  la  connected  back  to  the  supet- 

source  node.  Thereby  every  node  becosns  a transshipment  node. 


5 For  further  detailed  development  of  the  underlying  theory,  see  Charnes 
and  Cooper  (1961),  Chapter  XVII. 
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The  flow  on  every  arc  is  unidirectional.  The  arcs  nay  be  "goal"  arcs 
(with  a nonlinear  goal  functional)  involving  oultlple  arcs  between  the  sane 
two  nodes,  or  they  nay  be  simple  arcs.  Every  simple  arc  (or  individual  arc 
of  multiple  arcs)  may  have  an  upper  and  a lower  bound  on  its  flow. 

k i 

Let  x±j (t)  denote  the  flow  from  node  J~(t)  to  node  J*  (t)  on  the  kth 
individual  arc  of  a multiple  "goal  arc."  The  corresponding  lower  and  upper 
bounds  are  L^t)  and  U^Ct). 

Let  x . denote  the  flow  from  the  supersource  to  JT(1).  Let  x.  , denote 
+ l i n+1 

the  flow  from  J±(n)  to  the  supersink.  Let  xr+1  denote  the  flow  from  the 

supersink  to  the  supersource. 

Let  Y^(t)  denote  the  flow  on  arc  k of  the  goal-arc  between  J*(t-1)  and 
V^(t).  The  corresponding  upper  and  lower  bounds  are  L^(t)  and  U^(t).  Let 

yA(t)  denote  the  flow  of  the  "valve"  arc  between  V^t)  and  J“(t). 

The  network  node  conditions  may  now  be  written  explicitly: 

For  supersource: 


- [x 


n+1  o 


oi 
ieJ"(l) 


- 0. 


For  J (1): 


oi 


-l  + l ’vfa) 

jej(l)  k 


- 0. 


Cl) 


(2) 


For  J (1): 


I l 

k iej” (1) 


lyf  - o,  j + j . 

r J 


(3) 


Where  j is  the  "outside"  node, 

*o1  + ^ xu  <*>  - M - 0. 

Jo  k ieJ  (1)  1Jo  r Jo 

Note  that  there  is  never  flow  from  the  "outside"  node  J~  (1)  to  the  natural 

+ J° 
attrition  node  (t). 

o 
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-r 


For  V^t): 


X yj(t)  - jt(t)  - 0. 


For  J^(t),  t > Is 


5,(0  - X X x *(t)  - 0. 
k j 1J 


For  t > Is 


I X.  - XyJ(t)  - o. 

k ieJ  (t)  r J 


For  supersink  S 


n+1* 


t yi(t)  + X + * 


n+1  “ xn+lo 


- 0. 


ieJ  (n) 

The  Goal-Arc  model  is  completely  described  as: 


(4) 


(5) 


(6) 


(7) 


Min  [ X 

i.j.k.t 

1^1 


X 

ltkt  t 

1*1  .j 

o,Jo 


djyj<t>}. 


Subject  to  (1)  - (7)  above,  and 

lij(t)  i *ij  i 

LJ(t)  < yj(t)  < uj(t), 

mhera  the  L^t),  0^(0  and  the  L*(t),  oj(t)  are  such  that  the  x^t), 
y*(t),  y1(t)  are  non-negative  for  all  1,  J,  k,  and  t. 


An  Illustration  of  the  Goal-Arc  model  Is  given  In  Figure  9 for  n time 
periods  and  n + 2 job  categories.  S#  Is  the  supersource  node  Introduced  on  the 

left  end  Sn+1  Is  the  supersink  node  Introduced  on  the  right.  In  the  diagram, 

the  antecedents  sad  the  consequents  of  the  outside  node  axe  represented  by 

J“.,(t)  - J^(t)  - (t),  and  J^.2(t)  - J*  (t). 


n+1 
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Figure  9.  ^oal  arc  network  model. 

(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Nienaus  (1977)) 


Some  of  the  arcs  represent  natural  flows  and  some  may  be  goal  arcs. 
Recall  that  the  purpose  of  each  of  the  goal  arcs  Is  to  represent  a nonlinear 
goal  functional  element.  To  represent  these  piecewise  linear  (nonlinear)  goal 
elements,  each  goal  arc  is  replaced  by  multiple  capacitated  arcs  between  the 
same  two  nodes. 

An  illustration  is  supplied  in  Figure  10.  The  arc  G between  nodes 

and  Nj  is  a goal  arc.  This  is  indicated  by  the  symbol  ^ , which  has 

been  omitted  from  these  links  in  Figure  10  to  avoid  further  cluttering  of 
the  diagram. 

The  lower  portion  of  Figure  10  shows  the  decomposition.  The  flow  z 

lC  lc  T*  Ir 

on  G is  broken  up  into  flows  z on  arcs  G where  £z  ” z.  Each  z is  a bounded 

k k k 

variable.  Further  let  c be  the  slope  assigned  for  the  flow  z . Thus,  the 

decomposition  of  the  piecewise  linear  representation  of  the  nonlinear  functional 
on  the  goal  arc  is  accomplished.  The  single  arc  with  nonlinear  functional  be- 
tween and  is  replaced  by  a finite  number  of  arcs  with  linear  functionals 

on  each. 
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Figure  10.  Decomposition  of  single  goal-arc  with  nonlinear 
functional  to  multiple  goal-arcs  with  linear 
functionals. 

(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Niehaus  (1977) 
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MODEL  APPLICATIONS 

FEEO  Model:  Navy  Civilian  Human  Resources  Planning 

In  this  section,  the  FEEO  model's  operation  will  be  described  in  the 
context  of  a numerical  illustration  using  actual  Navy  data.  The  application 
will  include  a comparison  of  versions  of  the  model  with  and  without  flexibility 
features  (Burroughs,  Korn,  Lewis,  & Nlehaus,  1976). 

Although  the  data  are  actual,  they  are  highly  aggregated  and,  hence,  not 
in  the  form  required  for  actual  use.  Yet,  because  the  example  is  intended  to 
be  explanatory  only,  that  purpose  is  best  served  by  the  number  of  variables 
being  small.  Thus,  a three  period  model  is  employed  here.  The  data  represent 
the  probable  size  and  structure  of  the  U.S.  Navy  civilian  graded  white  collar 
work  force  in  the  three  occupation  groups  of  Administrative,  Technical,  and 
Clerical  for  the  planning  horizon  beginning  in  March  1976.  Within  each  of 
these  three  occupational  groups,  four  job  level  distinctions  were  made  (viz. 

CS-1 — GS-4  - Level  1,  GS-5— GS-8  - Level  2,  GS-9— GS-12  - Level  3,  GS-13— 

GS-15  - Level  4)  for  general  schedule  (i.e.,  G.S.)  employment.  In  addition, 
partitioning  was  done  on  the  basis  of  sex  alone. 

Figures  11  and  12,  respectively,  provide  a description  of  the  information 
needed  to  "run"  and  interpret  the  FEEO  model.  Data  of  the  type  described  in 
Figure  11,  for  example,  can  be  secured  directly  from  Navy  data  sources  (e.g., 
historical  transition  rates).  It  also  lends  itself  to  top  management  problems 
of  policy-setting,  such  as  the  determination  of  available  flexibility  options. 
Finally,  it  also  relates  the  external  and  internal  environments  via,  for  example, 
the  proportional  requirements. 

Figure  12  describes  the  output  or  results  of  the  FEEO  model.  Recall  that 
the  model  stresses  EEO  compliance  (in  the  long-run),  while  simultaneously  addres- 
sing the  operating  needs  (short-run)  of  the  organization.  This  is  likely  to 
involve  complex  interactions;  hence  the  pertinent  details  of  Figure  12. 

Figures  13  and  14  are  the  Markoff  transition  matrices  for  the  male  and 
female  social  groups,  respectively.  The  diagonal  cell  entries  indicate  the 
proportion  of  personnel  who  remain  in  the  job  category  in  which  they  started, 
over  one  planning  period.  Off-diagonal  elements  show  the  transfer  rates  per 
period  between  any  two  jobs.  No  entry  in  the  cell  signifies  an  historical 
transfer  rate  close  to  or  equal  to  zero.  Additionally,  allowable  flexible 
movements  are  indicated  by  a "Z"  in  the  lower  right-hand  corner  of  the  ap- 
propriate cells. 

Flexibility  is  expressed  as  changes  to  the  unadjusted  organizational  trans- 
ition matrices.  This  is  accounted  for  in  the  model  by  setting  up  equations  that 
permit  either  additions  to  or  subtractions  from  the  unadjusted  transition  rates. 
The  extent  of  potential  change  is  controlled  by  coefficients.  In  the  case  of 
additive  flexibility,  the  coefficients  are  policy  parameters  reflecting  the 
maximum  amount  by  which  the  model  is  permitted  to  adjust  the  transition  Mtrix. 

In  the  case  of  subtractive  flexibility,  the  controls  are  set  so  that  the  number 
of  transfers  cannot  exceed  the  number  available  for  transfer. 


VARIABLE 


DESCRIPTION  OF  VARIABLE 


Manpower  Requirements 


Proportional  Requirements 


Minimum  EEO  Proportions 


Initial  Population 


Historical  Transition  Rates 


Priorities  for  Goal  Attainment 


Priorities  for  Hiring/Firing 


Flexibility  Policy 


The  number  of  individuals  across  social 
groups  necessary  in  each  job  category 
to  meet  the  operating  needs  of  the 
organization. 

The  number  of  minority  individuals,  by 
occupational  group,  desired  to  be  on- 
board to  match  their  representation  in 
the  labor  force. 

The  proportional  lower  bounds  allowed  by 
job  category  and  social  group  on  the 
number  of  minority  personnel  by  occupa- 
tional groups. 

The  number  of  personnel  of  each  social 
group  on-board  in  each  job  category  at 
the  start  of  the  transition  period. 

The  rates  of  movement  between  specific 
occupational  groups,  based  on  analysis 
of  such  movement  over  time. 

A representation  of  the  "penalties" 
associated  with  not  meeting  the  total 
manpower  goals  and  the  proportional  EEO 
goals. 

A representation  of  the  "penalties" 
associated  with  hiring  personnel  into 
Jobs  from  outside  the  system,  and  with 
firing  personnel. 

The  degree  and  placement  of  flexibility 
allowed  in  the  system  as  a function  of 
organizational  slack,  Including  the 
priorities  for  internal  transfer* 


Figure  11.  FEED  input  chart. 

(Source:  Burroughs,  Korn,  Levis,  & Niehaus  (1976)) 
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VARIABLE  DESCRIPTION  OF  VARIABLE 


On-board  Personnel  The  number,  by  social  group  and  job 

category,  of  personnel  at  the  end  of 
each  period  . . . work  force  composition. 

Hires/Fires  The  number  of  personnel,  by  social  group 

and  job  category,  hired  and  fired  (by 
the  model)  during  each  period. 

Interoccupational  Mobility  The  job  mobility,  including  that  beyond 

historical  rates,  suggested  to  meet 
goals  as  a function  of  flexibility. 

Goal  Discrepancies  How  well  each  goal  (total  and  propor- 

tional) for  each  occupational  group, 
is  met. 


Figure  12.  PESO  output  chart. 

(Source:  Burroughs,  Korn,  Lewis,  & Niehaus  (1976)) 
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Figure  13.  Male  Markoff  transition  matrix  for  promotions  or  lateral 

transfers,  and  upward  mobility  in  the  administrative,  tech- 
nical, and  clerical  occupation  groups  across  GS-leyels, 
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Figure  14.  Female  Markoff  transition  matrix  for  promotions  or  lateral 
transfers,  and  upward  mobility  in  the  administrative,  tech- 
nical , and  clerical  occupation  groups  across  GS-leyels, 


Occupation  Groups 


Levels 


A * Administrative  Jobs  1 - GS  1-4 
T ■ Technical  Jobs  2 ■ GS  5-8 
C • Clerical  Jobs  3 ■ GS  9-12 

4 - GS13-15 


■■  “ Invalid  transition,  due  to 

Federal  System's  structure 
S " transition  not  allowed  in  this 
model... not  representative  of 

a promotion  or  lateral  transfer 

M " allowable  "flexible"  transition 


(Source:  Burroughs,  Korn,  Lewis,  and  Nlehaus  (1976)) 
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Two  levels  of  flexibility  options  were  tested  (100Z  and  50Z  of  all  avail- 
able personnel  at  the  start  of  each  period).  The  maximum  subtractive  flexi- 
bilities were  set  to  equal  the  transition  rates  given  in  Figures  13  and  14, 
so  that  the  total  movement  in  the  system  would  be  no  greater  than  normally 
experienced. 

The  relative  priorities  or  "weights"  placed  on  deviations  from  the  exact 
attainment  of  the  workload  goals  were  set  at  15,  10,  and  5 for  each  of  the  three 
periods  respectively,  and  at  5,  10,  and  15  for  the  proportional  EEO  goals.  This 
was  done  to  reflect  a situation  in  which  workload  was  to  be  considered  relatively 
more  in  the  short-run  and  EEO  compliance  relatively  more  in  the  long-run.  Hiring 
mights  were  set  at  3,  and  firing  weights  at  1000.  This  ensured  that  internal 
movements  were  preferred  to  hiring,  and  that  firing  was  only  considered  in  the 
extreme  "last  resort"  case. 

It  was  found  by  comparing  model  runs  with  and  without  the  inclusion  of 
flexibilities  that  the  addition  of  the  flexibility  constraints  did  produce  dif- 
ferent "optimal"  results.  The  two  different  levels  of  flexibility,  however, 
produced  identical  solutions.  This  indicated  that  the  number  of  personnel  sug- 
gested for  a flexible  internal  assignment  for  the  optimization  of  the  suggested 
goal  structure  was  below  both  flexibility  levels  set  in  the  tests.  Thus,  the 
allocation  of  slack  resources  to  meet  the  demands  of  the  additional  (flexible) 
movements  in  the  system  suggested  by  the  model's  solutions  in  both  cases  did  not 
exceed  the  available  slack.  The  results  for  the  example  run  without  flexibilities 
are  given  in  Figures  15,  16,  and  17  for  the  three  time  periods,  respectively. 
Analogous  results  for  the  two  examples  with  flexibilities  appear  in  Figures  18, 

19,  and  20  for  the  three  respective  transition  periods.  In  addition,  information 
on  the  suggested  flexible  transitions  over  the  three  periods  for  males  and  females 
is  given  in  Figures  21  and  22,  respectively. 

In  all  cases  studied,  the  total  manpower  goals  were  met  exactly  in  the  first 
and  second  periods,  while  positive  and  negative  discrepancies  from  the  third 
period  total  manpower  goals  were  evident  in  both  runs  with  and  without  flexi- 
bility constraints.  Moreover,  many  of  these  discrepancies  were  the  same  for 
particular  job  categories  despite  the  presence  or  absence  of  flexibility  con- 
straints. This  was  the  case,  for  Instance,  in  the  level  2,  3,  and  4 Technician 
groups,  where  discrepancies  for  all  model  runs  were  0,  4-2922,  and  4-2,  respectively. 
However,  in  other  categories  in  the  third  time  period,  very  definite  differences 
appeared  to  exist.  One  notable  example  occurred  in  the  first  level  Technicians 
group,  where  the  solution  for  the  model  without  flexibilities  (Figure  17)  indicated 
no  discrepancy  from  the  total  manpower  goal,  and  the  flexibility  solutions 
(Figure  21)  showed  a discrepancy  of  -481  from  the  same  goal.  This  might  seem 
to  indicate  that  the  model  with  the  flexibility  options  Included  provided  a 
less  desirable  set  of  outcomes.  However,  a further  comparison  of  solution 
results  shows  that,  although  for  some  occupations  and  levels  the  outcomes  were 
worse,  for  others  the  outcomes  were  considerably  better.  This  is  the  case  for 
second  level  Administrative  positions,  where  the  discrepancy  from  the  total 
manpower  goal  was  -525  in  the  nonflexlble  solution  (Figure  17),  and  0 in  the 
flexible  ones  (Figure  20). 
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♦ABOARD  - GOAL  ■ 2178-2071  ■ +107  (over  achievement  of  goal) 
♦ABOARD  — GOAL  m 5455—5961  • —506  (under  achievement  of  goal) 


GOAL  ■ 2137-2121  - +16  (over  achievement  of  goal) 

GOAL  - (1580+2137)-4242  - -525  (under  achievement  of  goal) 


6373-7081  ■ -708  (under  achievement  of  goal) 


ource:  Burroughs,  Korn,  Lewis, _&  Niehaus-(1976)) 

♦ABOARD  - GOAL  * 2125-2121  ” +4  (over  achievement  of  goal) 

** ABOARD  - GOAL  “ (1030+1512)-3023  m -481  (under  achievement  of  goal) 


3-d  Tine  Period 


A1 

> 

N 

1 

A3 

A4 

T1 

T2 

T3 

T4 

Cl 

C2 

C3 

EES 

SB 

ss 

SB 

ss 

SB 

SSI 

SB 

ESS 

■BBSS 

Figure  21.  Flexible  transfers  for  Males  for  each  of  the  three  tine  periods. 
(Source:  Burroughs,  Korn,  Lewis,  & Nlehaus  (1976)) 


’ -<®3  • Thom  who  do  not  transit  trait  Job  A2  to  AJ  in  tha 
First  Tin  ter  lad,  who  wen  historically 
to  zakm  t>at.n eve. 

**0i  - Those  who  additionally  transit  troa  Jab  A2  to  A) 
in  tbs  First  Tins  Period,  above  chose  whs  were 
bister  trail/  eurtsd  to  nike  that  move. 


*1  Administrative,  Lewd  1 
A2  Administrative,  Level  2 
AJ  Administrative,  level  3 
A4  Administrative,  level  4 
T1  Technicians,  Level  1 
73  technicians.  Level  2 
T3  technicians.  Level  3 
T4  technicians.  Level  4 
Cl  Clerical,  Level  1 
C2  Clerical,  Level  2 
O Clerical,  Level  3 


2nd  Tina  Period 


Figure  22.  Flexible  transfers  for  females  for  each  of  the 
three  tiae  periods. 


(Source:  Burroughs,  Korn,  Lewis,  & Niehaus . (1976)) 
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Al  Administrative,  Laval  1 
A2  ,'<±-imiscr*tive,  Laval  2 
A)  Administrative,  Level  2 
A4  hhiniitntiva,  Level  4 
■II  Technicians,  Level  1 
72  Technicians,  Laval  2 
TJ  Technician*,  Laval  2 
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Thus,  trade-offs  are  apparent  in  the  internal  structure  of  the  organization 
and,  by  including  the  flexibility  options,  these  trade-off  possibilities 
represent  feasible  decision  strategy  alternatives.  Similarly,  significant 
trade-offs  between  internal  transfers  (flexible  movements)  and  outside  hiring 
become  visible  by  comparing  the  discrepancies  from  the  EEO  goals  in  the  cases 
with  and  without  the  flexibility  constraints. 

Local  Personnel  Planning  Model:  Navy  Civilian  Hixnan  Resources  Planning 

TVo  applications  of  the  local  personnel  planning  model  are  presented.  The 
first  is  a test  of  the  Coherence  version  of  the  model  (Lewis,  1977).  This  was 
done  using  a general-purpose  linear-programing  package.  The  second  application 
involves  the  Goal-Arc  model.  In  this  case,  the  FNET  primal  network  code  was 
used  for  solution  purposes. 

Coherence  Model 

The  application  of  the  Coherence  model  shows  not  only  what  the  model  pro- 
vides when  it  performs  its  distribution-assignment  tasks  for  the  Navy  civilian 
work  force  with  respect  to  EEO  and  workload  requirements,  but  also  how  it  might 
relate  to  the  workings  of  the  aggregate  FEEO  model.  Hence,  the  example  employed 
for  this  application  conforms  to  the  structure  of  the  FEEO  application. 

Figure  23  provides  information  on  the  actual  ratios,  across  11  relevant 
positions,  of  the  two  personnel  types  (male,  female)  currently  holding  these  jobs 
at  the  particular  installation  Involved.  Also,  it  provides  a goal  structure 
for  personnel  representation  determined  appropriate  for  this  hypothetical  instal- 
lation by  local  labor  market-goal  setting  procedure. 

The  total  number  of  jobs  for  all  personnel  types  in  each  of  the  11 
categories  at  the  aggregate  level  (i.e. , across  all  activities)  is  presented 
in  Figure  24.  The  values  are  similar  to  those  that  might  be  supplied  directly 
by  the  FEEO  model.  Vhen  these  numbers  are  modified  by  the  actual  personnel 
representation  proportions  at  the  aggregate  level,  the  values  in  Figure  25 
result.  They  represent  the  number  of  positions,  across  all  activities  within 
the  11  job  categories  involved,  that  are  held  by  females. 

The  percentage  of  the  total  number  of  jobs  (such  as  might  be  provided 
by  the  FEEO  model)  for  the  11  job  categories  that  exist  at  the  local  activity  is 
provided  in  Figure  26. 

When  these  proportions  are  taken  times  the  total  number  of  jobs  in  the 
work  force,  such  as  might  be  provided  by  the  FEEO  model.  Figure  27  Is  produced. 

Finally,  Figure  28  shows  the  actual  input  to  the  run  of  the  Coherence 
model  for  this  hypothetical  activity.  This  input  is  employed  as  row  and  column 
sums  in  the  model's  formulation  and  generally  represent  EEO  staffing  goals  for 
this  activity. 
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Figure  23.  Actual  and  desired  personnel  ratios  for  males  (M) 
and  females  (F)  across  job  categories. 

(Source:  Lewis  (1977)) 
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Figure  24.  Number  of  job  1 positions  available — from  FEEO  model. 

(Source:  Lewis  (1977)) 
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Figure  26.  Percentage  of  total  number  of  jobs  (from  the  FEEO  model), 
by  occupation  group-job  level,  that  exist  at  the  local 
facility. 

(Source:  Levis  (1977)) 
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Figure  27.  Total  number  of  jobs,  a ^ ( t ) , available  for  this  local  activity. 

(Source:  Lewis  (1977)) 
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Figure  28.  Coherence  model  Input  by  job  category. 
(Source:  Lewis  (1977)) 
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As  In  the  explanatory  example  In  the  section  on  model  structures, 
there  are  "weights"  or  relative  priorities  that  define  management ' s policy 
view  or  preference.  In  this  example,  these  weights  are  represented  as 
follows: 


H * hiring  weight  ■ 5. 

P - weight  on  flexible  movement  - 2. 

-K  - weight  on  the  allowance  of  natural  attrition  ■ 0. 

R ■ firing  weight  “ 1000. 

-1  ■ weight  on  expei.  ’ movement. 

Since  these  values  appear  In  the  objective  function  of  the  Coherence  model, 
and  this  objective  function  is  to  be  minimized,  a high  weight  value,  such  as 
the  firing  weight  of  1000,  tends  to  move  the  model's  solution  away  from  the 
inclusion  of  the  associated  variable.  Thus,  a weighting  structure  such  as  the 
one  employed  in  this  example  highly  discourages  firing  and  prefers  flexible 
movement  to  hiring,  but  at  a level  of  preference  that  is  much  less  significant 
than  that  of  an  historical  degree  of  natural  attrition  over  firing. 

The  same  transition  probabilities  used  in  the  FEE0  application  are 
also  employed  here.  Thus,  to  compute  the  "artifact  goals,"  appropriate  transi- 
tion probabilities  from  Figures  13  and  14  are  applied  to  the  row  sums  of  the 
coherence  model  of  Figure  28.  The  coherence  model  will  meet  these  artifact  goals 
before  allowing  flexible  movements  in  the  model's  solution.  This  method  of  solu- 
tion was  generalized  to  allow  positive  and  negative  goal  deviations  in  the  Goal- 
Arc  model. 

The  numerical  example  of  the  Coherence  model  was  solved  with  little  dif- 
ficulty. The  results  will  be  discussed  only  briefly,  since  the  management  report- 
ing capabilities  of  these  local  organization  design  models  will  be  illustrated  with 
the  Goal-Arc  model  solution  data.  The  Coherence  model  numerical  example  il- 
lustrates that  the  flexibility  concept  does  in  fact  work.  During  the  transi- 
tion period  from  t ■ 2 to  t ■ 3,  three  individuals  are  expected  to  move  from  the 
second  level  Administrator  position  to  the  second  level  Technician  position. 
Checking  Figure  14  for  the  probability,  based  on  historical  movements,  of  making 
this  move,  it  is  found  that  the  pertinent  transition  rate  is  0.33.  Applying 
this  figure  to  the  relevant  row  sum  (which  is  102)  results  in  the  artifact  goal 
of  0.33  (102)  “ 3.366  or  3 individuals.  In  this  instance,  the  Coherence  model 
filled  this  artifact  goal  and  also  provided  for  a positive  flexible  movement  of 
27  additional  individuals  from  the  second  level  Administrator  position  to  the 
second  level  Technician  position. 

Although  there  is  some  interoccupational  movement  between  the  Clerical  and 
Technical  occupations  indicated  in  period  three,  attrition  and  hiring  practices 
seem  to  be  able  to  effect  the  desired  changes  in  representation  within  the 
Clerical  occupation  group.  This  seems  inherently  reasonable  since  the  most 
significant  changes  in  the  personnel  mix  are  suggested  by  the  goal  structure  to 
occur  in  the  Technical  and  Administrative  groups.  For  the  most  part,  these  goal 
structures  appear  quite  reasonable.  Only  in  the  case  of  the  third  level  Tech- 
nicians group  (in  the  first  and  second  periods)  do  any  goal  deviations  occur, 
and  these  appear  to  be  addressed  in  the  model's  solution  by  increased  internal 
mobility  into  this  position  (i.e.,  positive  flexible  movement  in  all  three 
periods  from  A3  to  T3,  and  positive  flexible  movement  from  C3  to  T3  in  the  third 
period),  and  direct  hiring  of  individuals  from  outside  the  manpower  system  at  the 
T3  level. 
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In  the  first  transition  period,  as  just  mentioned,  flexibility  is  in- 
dicated across  the  mid-level  positions  of  the  Administrative  and  Technical 
occupation  groups.  This  same  theme  extends  into  the  second  and  third  time 
periods,  suggesting,  perhaps,  the  establishment  of  bridge  positions  between 
Administrative  and  Technical  jobs,  and  supporting  training  programs.  Some  of 
this  prescribed  flexible  movement  provides  for  lateral  transfers  between  these 
occupation  groups.  Such  movement  appeared  as  the  transfer  of  28  people  from 
A2  to  T2  in  the  first  period,  of  34  people  from  A3  to  T3  in  the  second  period, 

and  of  2 people  from  T2  to  A2  in  the  third  period.  It  also  occurred,  however,  that 

some  promotions  are  realized  during  the  process  of  this  interoccupational 
mobility.  For  instance,  in  the  first  period,  the  transition  of  11  people  from 
T3  to  A4  occurred.  Therefore,  it  might  be  suggested  that  the  training  program 
developed  to  effect  an  organizationally  effective  (l.e.,  both  in  terms  of  EEO 
and  production  needs)  bridge  between  these  occupations  should  include  an  evalua- 
tion or  testing  mechanism  for  merit  determination,  as  well  as  an  appropriate 
competitive  device  to  ensure  equitable  promotional  opportunities  to  all  trainees 
accepted  in  the  program.  Hence,  it  is  such  analyses  that  must  be  Involved  in 

the  development  of  a manpower  plan.  A determination  of  the  feasibility  of  any 

of  the  operational  components  of  the  plan  needs  to  reflect  the  constraints 
imposed  on  the  local  facility's  manpower  system  by  the  aggregate  level  of  the 
organization,  but  also  requires  a consideration  of  the  specific  conditions 
existing  at  the  local  installation.  The  solution  values  of  the  model  provide 
the  fundamental  framework  for  the  local  Installation's  plan,  but  it  is  up  to 
management  at  this  local  level  to  develop  strategies  to  support  this  framework. 

It  is  the  combination  of  this  strategy  and  the  indicated  numerical  solution 
that  comprises  the  Installation's  manpower  plan  for  equal  employment  opportunity. 

Goal-Arc  Model 

With  the  coherence  results  in  hand,  work  was  started  to  develop  a small 
system  that,  of  necessity,  required  the  use  of  a high-speed  solution  methodology 
such  as  the  PNET  primal  network  code.  This  led  to  the  need  to  generalize  the 
method  to  Include  both  upper  and  lower  bounds  in  a mathematical  structure  that 
permitted  ease  of  use  of  the  PNET  code.  The  Goal-Arc  model  was  the  result. 

In  order  to  make  the  Goal-Arc  model  more  concrete,  it  is  illustrated 
by  means  of  a numerical  example.  The  problem  that  is  considered  is  the 
hypothetical  problem  first  Illustrated  for  the  Coherence  model  by  Charnes, 

Cooper,  Lewis,  and  Niehaus  (1976)  and  presented  in  the  Coherence  model  section 
on  page  12.  The  input  data  are  repeated  for  the  convenience  of  the  reader. 


There  are  two  categories  of  personnel  a - 1,  2 (e.g. , female  and  male) 
and  three  time  periods,  t - 0,  1,  2.  The  following  job  categories  are  used: 


Lul 

0 

1 

2 

3 


Description 

Outside  Source/Natural 
Attrition 

Clerical 

Technical 

Administrative 


Abbreviation 


0 

C 

T 

A 


44 


Figure  29  provides  targeted  work  force  goals  a^(t),  where  i - 1,  2,  3 

for  the  associated  job  category  in  each  of  the  periods  t - 0,  1,  2.  Figure  30 
provides  a matrix  of  transition  probabilities  that  is  assumed  to  be  applicable 
over  these  periods.  Recall  that  N refers  to  natural  attrition  so  that,  for 
example,  there  is  a 0.26  probability  that  clerical  personnel  will  leave  the 
organisation  in  going  from  one  period  to  another. 
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Figure  29.  Targeted  work  force  goals,  a^t). 
(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Niehaus  (1977)) 
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Figure  30.  Example  of  a Markoff  transition  matrix. 

(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Niehaus  (1977)) 

In  Figure  31,  the  actual  p®  proportions  of  personnel  in  each  job  category 

for  the  Initial  time  period  and  the  desired  p®  proportion  of  personnel  in  each 

job  category  for  future  time  periods  are  given.  The  actual  proportions  are 
obtained  from  the  "on  board"  starting  populations.  The  desired  proportions 
represent  policy  statements  concerning  the  desired  mix  of  personnel  for  the 
future. 

Figure  32  provides  the  desired  number  of  personnel  of  type  a ■ 1 (female) 
for  each  job  category  in  each  period.  These  values  are  obtained  from  Figures  29 

and  31  in  the  following  manner.  Let  b^t)  - *h«re  u is  the  smallest 

integer  not  less  than  u.  Thus,  for  example,  in  Figure  32,  525  - .75  x 700  in 
the  row  for  C where  it  intersects  the  column  captlcned  "1." 
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In  Figures  33  and  34,  the  "artifact  goals"  are  given  for  each  of  the 

two  periods  as  indicated.  The  "artifact  goals"  are  defined  by  g®  (t)  ■ p“a. (t-l)M 

th  ij  i i 

where  M is  the  i,j  element  of  the  Markoff  matrix  M.  In  this  example,  atten- 

1 

tion  is  confined  to  o ■ 1 and  g^(t)  “ (t)  without  ambiguity. 
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Figure  33.  Artifact  goals  for  the  first  period. 
(Source:  Charnes,  Cooper,  Lewis,  Kelson,  & Niehaus  (1977)) 
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Figure  34.  Artifact  goals  for  the  second  period. 

(Source:  Charnes,  Cooper,  Lewis,  Nelson,  & Niehaus  (1977)) 

Similarly,  let  x^ (t)  equal  the  number  of  females  (a  - 1)  transferred 

from  Job  category  i to  job  category  j in  period  t and  let  y^  (t)  represent  the 

total  number  of  females  in  Job  category  j in  period  t.  In  this  model,  the 
Yj(t)  and  the  x^ (t)  are  to  conform  "as  close  as  possible"  to  the  targeted 

work  force  goals  and  the  "artifact  goals"  respectively. 

This  can  be  stated  as  a network  problem.  It  is  shown  graphically  In 

Figure  35.  In  this  example,  J*,  j"(t)  - K~  and  V±(t)  - where  K is  an 

abbreviation  for  "job  category."  Here,  of  course,  K takes  on  the  values.  A,  C, 
T,  N,  0.  As  already  noted  in  the  previous  section,  the  symbol  on  an  arc 
indicates  that  it  is  a "goal  arc."  Upper  and  lower  bounds  for  the  flow  on 
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the  "valve"  arcs  are  set,  respectively,  at  the  projected  manpower  requirements 
plus  ten  percent  of  the  requirements  and  minus  ten  percent  of  the  requirements 


In  this  example,  only  two  pieces  are  employed  in  the  piecewise  linear 
goal  functional  (i.e.,  k ■ 2).  Hence  the  decomposition  on  a "goal  arc"  is 
performed  as  described  earlier  with  k - 2.  The  decomposition  of  "goal  arcs" 
is  examined  in  this  example. 

Consider  any  goal  arc  in  Figure  35  between  a K and  a K*.  Replace  this 

k Z C k 

arc  in  Figure  36  with  two  arcs,  say,  Gjj(t),  where  k • 1 or  2.  Let  *jj(0 

denote  the  corresponding  flows.  These  flows  are  bounded  as  follows: 

1 2 k 

0 < Xjj  (t)  < gjj  (t)  and  0 < x^  (t)  < •.  Let  c denote  the  functional  coef- 

k 17 

f iclent  on  G^. (t) . Assume  that  c < c . In  an  optimal  solution  there  will  be 
2 1 

no  flow  on  G^  (t)  until  the  flow  on  G^  (t)  has  reached  g^j(t). 

Now  consider  a goal  arc  between  nodes  K+  and  . As  above,  replace 

1 2 . k ir 

this  arc  with  two  arcs,  G^(t)  and  C^(t).  Let  y^(t)  denote  the  flow  on  G^(t). 

The  flows  on  the  two  arcs  are  bounded  as  follows:  0 < y*(t)  < b^(t)  and 
0 < y?(t)  < *».  Let  dk  denote  the  functional  coefficient  for  the  flow  on  G*(t). 

1 i 2 1 

Assume  that  d < d . 

Proceeding  in  this  manner  the  problem  is  represented  as  a network  with 
the  "goal  arcs"  decomposed  as  in  Figure  36. 

Since  the  objective  function  is  to  be  minimized,  a high  positive  value 
for  the  functional  coefficient  on  an  arc  tends  to  make  the  resistance  to  flow 
on  that  arc  high.  In  our  penalty  system,  the  following  priorities  are  established: 

1.  Meeting  the  goal  of  a certain  number  of  female  personnel  for  each 
job  category  in  each  time  period  is  given  the  highest  priority. 

2.  Firing  is  highly  discouraged. 

3.  Flexible  movement  has  the  second  highest  priority. 

4.  The  penalty  on  exceeding  manpower  requirements  is  greater  than  any 
other  penalty  except  the  penalty  on  firing. 

5.  The  penalty  for  hiring  in  the  first  period  is  greater  than  the 
penalty  for  hiring  in  the  second  period. 

6.  The  penalty  on  hiring  is  less  than  the  penalty  on  exceeding  mnpower 
but  greater  than  the  penalty  on  flexible  movement. 

7.  The  penalty  on  firing  is  set  at  an  order  of  magnitude  larger  than 
the  sum  of  all  other  weights. 
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Figure  36.  Network  with  goal-arcs  decomposed. 
(Source:  Charnem,  Cooper,  Lewie,  Nelson,  & rileheus  (1977)) 


The  values  for  the  functional  coefficients  on  the  arcs  (with  relevant 
interpretations)  are  given  as  follows: 

H ■ hiring  penalty  ■ 5. 

F “ penalty  on  flexible  movement  - 2. 

R " firing  penalty  ■ 1000. 

G m penalty  on  expected  movement  ■ -1. 

Q - penalty  on  meeting  manpower  requirements  ■ >6. 

F * penalty  on  exceeding  manpower  requirements  * 10. 

The  solution  is  summarized  in  four  tables  as  follow:  The  projected  per- 
sonnel transfers  for  periods  1 and  2 are  given  in  Figures  37  and  38,  respectively. 
The  424  under  "Normal  1 Flexible"  in  row  1 of  Figure  37  represents  the  planned 
retention  of  females  in  the  clerical  job  category  in  the  first  time  period.  It 
is  composed  of  420  females  via  normal  retention  plus  4 more  as  a part  of  an 
optimum  managerial  plan  to  alter  the  present  composition  of  the  organization.  The 
total  of  525  females  at  the  bottom  of  this  column  is  to  be  obtained  by  recruiting 
an  additional  101  females  from  outside  the  organization.  Figure  38  is  similarly 
Interpreted  for  the  second  time  period. 

Figure  39  compares  work  force  requirements  and  the  optimal  distribution 
from  the  model — for  example,  targeted  work  force  goals  and  optimal  "on-boards." 

The  discrepancies  between  the  two  are  given  in  the  last  column  of  Figure  39. 

All  discrepancies  are  at  zero  values,  which  means  that  the  optimum  program 
achieves  all  of  the  indicated  targets. 

Figure  40  is  a summary  of  the  personnel  actions  projected  by  the  optimum 
plan.  For  example,  420  normal  transfers  plus  4 additional  (flexible)  transfers 
and  101  hires  are  projected  for  the  clerical  category  in  Period  1 and  368  normal 
transfers,  2 additional  (flexible)  transfers,  and  118  hires  in  Period  2. 
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Hires  Fires  Requirements  Discrepancy* 
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SYSTEM  DESIGN 

Goal  Setting  and  Accountability 

To  enable  realistic  EEO  goals  to  be  made,  the  forecast  of  requirements 
must  be  reconciled  with  other  forecasts — of  the  supply  of  manpower  from  with- 
in the  organisation  and  from  without.  As  Figure  41  indicates,  this  goal 
setting  process  requires  four  basic  manpower  planning  functions: 

1.  Systematic  analysis  of  manpower  resources. 

2.  Forecast  of  manpower  requirements. 

3.  Forecast  of  manpower  supply. 

4.  Reconcilation  with  the  constraints  of  the  organizational-social  structure. 


Or ganlzat ional 
Objects 


Analysis  of 
Manpower  Resources 


* 

Budget 


Figure  41.  EEO  goal  setting  process. 
(Source:  Lewis  (1977)) 


To  forecast  the  relationship  between  the  workload  of  the  production  plan 
and  the  manpower  required,  analyses  of  past  manpower  performance  and  trends 
in  productivity  are  needed.  To  be  useful,  the  forecast  must  also  indicate 
the  types  of  manpower  required — that  is,  it  must  be  divided  by  occupational 
group  and  job  level,  according  to  such  distinction  as  education  requirements 
and/or  GS-rating. 

The  aupply  of  manpower  available  from  within  the  organization,  similarly 
divided  into  categories,  is  projected  on  the  basis  of  past  rates  of  staff  re- 
tention and  patterna  of  promotion  and  transfer.  External  supply  must  be  examined 
In  light  of  future  labor  market  conditions.  For  EEO  goal  setting,  this  focuses 
on  the  social  group  composition  of  the  available  supply  as  stratified  by  educa- 
tion, occupational  choice,  etc.  A great  deal  of  information  is  therefore  re- 
quired for  this  purpose  and  in  most  cases  studies  will  be  needed  to  determine 
an  accurate  forecast  of  external  labor  supply  (Atwater,  Niehaus,  & Sheridan, 


Analysis  of  the  manpower  requirements  and  supply  environment  provide  the 
goal  setter  with  knowledge  of  (1)  the  probable  outcome  over  the  planning  horizon 
of  personnel  representation  across  occupational  categories  if  the  exising  man- 
power system  is  left  unchanged  by  the  establishment  of  EEO  objectives,  (2) 
the  ability  of  the  organization  to  effect  changes  in  its  organizational-social 
structure  by  various  adaptations  to  meet  EEO  goals,  and  (3)  the  degree  of  im- 
balance of  the  organizational  manpower  system  with  respect  to  ethnosexual  dis- 
tributions in  the  labor  market. 

Of  major  concern  is  the  setting  of  "reasonable"  EEO  goals.  Considering 
Civil  Service  merit  system  rules  and  activity  budgets,  there  are  limits  to 
which  personnel  policies  can  be  adjusted  to  incorporate  affirmative  action6 
considerations.  Thus,  a best  estimate  of  the  supply  ratios  of  the  ethno- 
sexual categories  is  required,  and  perhaps  even  Increased  somewhat  to  ensure 
that  any  error  is  on  the  side  of  a positive  affirmative  target  for  increasing 
the  underrepresented  ethnosexual  categories.  These  supply  ratios  are  being 
developed  using  an  available  labor  pool  methodology  (see  Atwater,  Nlehaus,  & 
Sheridan,  1978). 

In  addition  to  the  methodological  and  analytical  approaches,  a good 
measure  of  managerial  judgment  is  necessary  to  verify  the  goals.  This  is 
similar  to  other  management— by-objective  systems  where  the  managers  correct 
idiosyncrasies,  and  "buy-in"  to  the  goals  or  targets  for  which  they  are  to 
become  responsible.  In  the  Navy  civilian  personnel  system,  the  procedure 
will  first  include  a central  computation  of  staffing  goals,  using  tools  of 
labor  market  analysis  and  models.  These  data,  in  turn,  will  be  provided  for 
modification  and  agreement  through  the  chain-of— command.  Once  set,  the  goals 
will  then  be  targets  for  manpower  control  purposes. 

A flow  diagram  depicting  the  Navy  EEO  goals  determination  system  is  shown 
in  Figure  42.  The  Navy  is  using  a "bottoms-up"  estimation  system.  The  man- 
power requirements  reflect  the  workload  of  the  organization  irrespective  of 
the  EEO  considerations.  These  manpower  requirements  are  split  into  EEO  goals 
via  the  goal  calculation  program.  The  external  labor  market  supplies  of  per- 
sonnel are  entered  by  means  of  a table  of  supply  ratios  for  each  ethnosexual 
category.  The  supply  ratios  are  projected  for  both  1 and  5 years  into  the 
future.  As  has  been  discussed,  the  supply  ratios  are  a combination  of  national 
and  regional  statistics.  Any  statistical  bias  is  on  the  side  of  the  general 
population  statistics.  Thus,  when  there  is  less  precise  information  to  develop 
a particular  supply  ratio,  it  is  on  the  side  of  population  parity  rather  than 
occupation  parity.  In  this  way  statistical  errors  tend  to  favor  Affirmative 
Action. 

Once  the  EEO  goals  are  obtained,  they  are  used  in  an  accountability  system. 
Projections  are  made  of  the  EEO  goals  1 and  5 years  into  the  future.  In  this 
way,  it  is  possible  to  obtain  both  an  immediate,  as  well  as  a longer-term  read- 
ing, as  to  the  health  of  a particular  organization's  EEO  program.  These  centrally 
developed  goals  are  then  evaluated  locally  with  any  differences  negotiated  to 

^Affinitive  action  implies  an  active  positive  program  to  ensure  that 
employment  opportunities  are  available  to  all  qualified  candidates,  including 
the  use  of  "bridge"  positions  to  test  and  Improve  those  who  may  only  be 
marginally  qualified  at  the  outset. 
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ire  42.  U.  S.  Navy  civilian  EEO  goal  determination  system 
(Source:  Burroughs,  Korn,  Lewis,  & Niehaus  (1976)) 


correct  for  situations  not  included  in  the  central  calculations.  Once  agreed 
upon,  the  local  organization  head  signs  off  committing  the  organization.  At 
the  end  of  the  year,  the  goals  are  evaluated  by  higher  management  for  possible 
further  in-depth  review.  Appropriate  filters  are  included  in  the  computer 
programs  to  limit  the  data  to  be  evaluated  to  significant  deviations  from  the 
goals.  The  whole  process  is  repeated  annually  to  reflect  the  most  current 
picture  of  the  internal  and  external  environment. 

Several  reports  are  necessary  for  accountability  and  control  purposes  (see 
Niehaus  & Nitterhouse,  1978).  The  first  is  an  accountability  report  such  as 
is  shown  in  Figure  43.  This  report  shows  how  well  an  organization  did  in 
relation  to  its  goals  and  also  provides  planning  information.  The  data  columns 
of  the  reports  indicate: 

1.  The  actual  on-board  in  each  ethnosexual  category  (race-sex)  category 
in  each  job  category  at  the  beginning  of  the  5-year  accounting  period. 

2.  The  actual  on-board  in  each  ethnosexual  category  in  each  job  category 
at  the  most  current  time  period. 

3.  The  EEO  goal  in  each  ethnosexual  category  in  each  job  category  for  the 
current  fiscal  year. 

4.  The  discrepancies  between  the  EEO  goals  and  the  current  on-board  popula- 
tion. (This  version  of  the  report  is  developed  annually  at  the  end  of  each 
fiscal  year.  At  other  times  during  the  year,  these  data  are  omitted.) 

5.  The  EEO  goal  in  each  ethnosexual  category  in  each  job  category  at  the 
end  of  the  5-year  accounting  period. 

6.  The  desired  changes  from  the  current  on-board  population  at  the  end  of 
the  accounting  period  both  in  numbers  and  percentages. 

Another  factor  that  needs  to  be  measured  is  the  opportunities  an  organize-' 
tion  had  to  meet  the  goals.  For  instance,  after  the  goals  were  set,  there  may 
be  constraints  from  higher  headquarters  that  make  it  difficult  to  reach  the 
goals.  Also,  a measurement  may  be  made  of  how  many  opportunities  for  personnel 
actions  were  distributed  among  the  various  ethnosexual  categories.  Figure  44 
uses  the  transition  rate  program  of  the  Computer  Assisted  Manpower  Analysis 
System  (CAMAS)  to  develop  the  needed  data.  The  data  is  sorted  by  ethnosexual 
category  in  each  occupation  level: 

1.  Population  at  the  start  of  the  accounting  period. 

2.  Hires. 

3.  Promotion. 

4.  Other  gains  (l.e.,  lateral  transfers  from  another  occupation  within 
the  organization) . 

5.  Opportunities  for  affirmative  action  (i.e. , sum  of  hires,  promotions, 

• and  other  gains). 
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Figure  43.  Sample  EE0  accountability  report,  black  male 
(Source:  Nlehaus  & Nltterhouse  (1978)) 
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6.  Losses 


7.  Population  at  the  end  of  the  accounting  period. 

The  percentage  opportunity  statistics  are  stated  in  terms  of  the  totals 
for  each  occupation- level.  A quick  scan  of  the  data  can  show  (1)  which 
ethnosexual  groups  are  having  personnel  actions  and  of  what  kinds  and  (2) 
the  percentage  of  the  total  that  each  ethnosexual  group  is  having  of  each 
personnel  action.  The  percentages  alone  are  not  enough  to  measure  the  relative 
changes  in  the  ethnosexual  groups.  Goal  Information  such  as  provided  in 
Figure  45  is  necessary  to  measure  accountability  since  labor  market  statistics 
are  relevant.  The  purpose  of  the  opportunity  report  is  to  surface  potential 
areas  for  further  management  attention.  It  can  also  be  used  to  "account  for" 
how  often  managers  take  advantage  of  personnel  action  opportunities  to  attain 
EEO  objectives. 

The  transition  data  are  also  shown  on  an  EEO  dynamic  report  such  as  in- 
dicated by  Figure  45.  On  this  report,  the  data  are  shown  sorted  by  occupation 
levels  within  each  ethnosexual  category.  In  this  case,  all  the  losses  and  gains 
for  each  ethnosexual  group  are  shown  with  the  internal  losses  in  one  occupation 
level  becoming  Internal  gains  in  one  or  more  other  occupation  level (s). 

Comparisons  of  current  period  transition  rates  with  planned  or  prior  period 
actual  transition  rates  can  be  used  by  superiors  to  assess  whether  managers 
are  using  available  personnel  action  opportunities  to  increase  the  rate  of 
transition  of  minorities  into  job  categories  in  which  they  are  presently  under- 
represented (as  evidenced  by  discrepancies  from  goals).  Appropriate  rewards 
or  punishment  meted  as  a result  of  these  reports  should  influence  managers  to 
take  desired  actions.  Of  course,  normal  rules  of  statistical  inference  must 
be  applied  to  support  statistical  conclusions  taken  from  the  data.7  However, 
even  in  the  absence  of  "statistically  significant"  inferences,  these  reports 
serve  as  a basis  for  comparisons  between  managers  and  discussion  of  areas  and 
methods  of  improvement. 

Use  of  Models  for  EEO 

The  EEO  models  are  particularly  important  in  organizing  and  evaluating 
the  competing  requirements  and  constraints  that  must  be  considered  in  managing 
the  work  force.  These  possibilities  for  highly  Integrated  solutions  must  be 
tempered  with  the  fact  that  judgmentally  determined  factors  and  ease  of  use 
have  to  be  considered.  This  is  particularly  true  in  the  case  of  EEO  where  many 
of  the  EEO  personnel  and  oth? r management  officials  (and  outside  interest  groups) 
have  little  training  in  mathematics  and  come  from  a tradition  of  people-oriented 
solutions  to  their  problems.  Recognizing  these  facts,  the  Navy  is  testing  for 
implementation  of  a "bottoma-up"  information  system  supplemented  by  models 
rather  than  a top-down  modelling  oriented  system.  Later  versions  will  most 
likely  move  towards  a strengthening  of  the  modeling  capabilities  as  more  be- 
comes known  through  the  actual  operation  of  the  system. 


7For  an  in-depth  discussion  of  statistical  inference  in  relation  to  EEO, 
see  J.  Ledvinka  (1975). 
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The  initial  system  being  tested  for  implementation  by  the  Navy  is  shown 
in  Figure  46.  In  this  system,  the  EEO  goals  are  developed  by  a simple 
multiplication  of  the  manpower  requirements  by  the  labor  market  supply  ratios 
for  each  of  the  local  facilities.  The  data  then  flows  up  into  a central  file. 
The  EEO  goals  are  to  be  used  in  the  accountability  programs.  The  goals  can 
also  be  used  in  an  aggregate  model  without  flexibilities  (i.e.,  the  reduced 
version  of  the  FEEO  model).  This  capability  is  to  be  available  at  the  major 
command  (such  as  the  Naval  Sea  Systems  Command  (NAVSEA)),  as  well  as  the  Navy- 
wide levels.  This  use  of  the  model  at  the  headquarters  level  permits  an 
evaluation  of  possible  policy  changes  without  changing  the  existing  policies 
until  a better  idea  of  the  Impacts  are  known.  In  this  use  of  the  model,  there 
is  generally  neither  the  time  nor  the  reason  for  adjusting  all  the  detailed 
EEO  goals  when  an  analysis  is  made. 

The  flexibility  features  are  important  additions  to  the  goal  programming 
models  for  human  resources.  They  indicated  where  and  how  promotion  policy  must 
be  changed  to  meet  both  long-  and  short-term  organizational  goals,  and,  in  turn, 
identify  where  and  how  many  bridge  positions  should  be  established.  However, 
their  inclusion  in  the  goal  programming  model  structures,  when  partitioned  not 
only  by  job  level  and  occupational  group  but  also  by  social  group,  results  in 
a prohibitively  large  program  at  the  aggregate  level  of  analysis. 

Since  organizational  analysis  affecting  t:  «.  termination  of  allowable 
flexible  movements  and  bridge  positions  takes  . la  e at  the  local  (disaggregate) 
level,  decisions  concerning  flexibility  shoul  hi  made  there  as  well.  This  is 
consistent  with  current  Navy  policies  and  practaces  since  individual  personnel 
decisions  concerning  civilians  are  decentralized  to  the  local  installation. 

Continued  development  is  underway  of  the  Goal-Arc  model.  Small  numerical 
examples  have  been  tested  using  PNET  primal  network  code.  The  next  step  will 
be  to  test  the  model  with  data  representative  of  a local  naval  installation. 
Assuming  this  test  is  successful,  on-site  testing  will  be  initiated.  Also, 
this  new  technology  might  then  be  able  to  be  applied  at  the  Navy-wide  level 
opening  up  the  additional  possibilities  of  modeling  "flexibilities"  at  the 
corporate  level  as  well. 

EEO  planning  encompasses  almost  all  aspects  of  human  resources  planning. 
There  is  a need  to  integrate  EEO  planning  with  workload  planning  and  external 
labor  market  analysis.  The  system  depends  on  a reasonable  estimate  of  the 
available  labor  pools.  At  the  same  time,  the  workload  drives  the  system  and 
issues  such  as  upward  mobility  and  affirmative  action  are  important.  Thus, 
only  an  integrated  approach  will  provide  the  lt^rovements  in  the  system  that 
are  needed. 


CONCLUSIONS 
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1.  The  EEO  goals  policy  planning  models  will  assist  both  Navy  head- 
quarters and  local  activity  manpower  planners  in  choosing  personnel  strategies 
that  meet  operating  needs  while  complying  with  EEO  objectives. 

In  particular,  the  EEO  models  are  formulated  to  accommodate  the  immediate 
(short-run)  workload  requirements  while  progress  is  also  made  towards  longer- 
run  targets  that  are  set  up  to  achieve  EEO  goals.  The  models  try  to  use  a 
given  organizational/social  structure  to  best  advantage  in  a way  that  makes 
contact  with  their  present  (or  initial)  states  while  also  explicitly  indicat- 
ing how  that  structure  should  be  changed — in  "the  best  possible  manner" — to 
achieve  EEO  goals. 

2.  The  FEEO  model  and  its  modifications  are  intended  for  comprehensive 
policy  testing  at  aggregate  levels  in  the  civilian  manpower  planning  efforts 

of  the  Navy.  While  final  coordinating  decisions  are  the  purview  of  top  manage- 
ment, there  are  many  decisions  and  interactions  that  should  be  addressed  at 
the  local /regional  level  of  decision-making  on  the  way  toward  those  final 
decisions.  Thus,  the  Coherence/Goal-Arc  models  are  required  for  determining 
individual  or  "almost  individual"  assignments  at  the  micro  levels  of  local 
installations  (e.g.,  shipyards),  where  the  sparsity  of  jobs  in  some  categories 
Introduce  difficulties  in  rounding  to  integer  solutions.  The  Coherence /Goal- 
Arc  models  are  intended  to  be  "coherent"  with  results  of  the  overall  planning, 
but  yield  Integer  solutions. 

j 

3.  The  EEO  models  are  particularly  important  in  organizing  and  evaluating 
the  competing  requirements  and  constraints  that  must  be  considered  in  managing 
the  work  force.  Possibilities  for  highly  integrated  solutions  must  be  tempered 
with  the  fact  that  many  of  the  EEO  personnel  and  other  management  officials 
(and  outside  interest  groups)  have  little  training  in  mathematics  and  come  from 
a tradition  of  people-oriented  solutions  to  their  problems.  Recognizing  these 
facts,  the  Navy  is  testing  for  implementation  of  a "bottoms-up"  information 
system  supplemented  by  models  rather  than  a tep«-down  modeling  oriented  approach. 


« 


RECOMMENDATIONS 


I 

1.  External  and  Internal  labor  market  analysis  for  use  In  EEO  goal 
determination  should  be  expanded  to  Include  all  major  shore  activities  in  the 
Navy. 

2.  The  EEO  human  resources  planning  models  and  the  assoicated  account- 
ability or  tracking  systems  should  be  installed  at  various  Navy  headquarters- 
level  activities  and  commands  (e.g. , NAVAIR,  NAVSEA,  Director  of  Naval 
Laboratories),  as  well  as  at  all  major  shore  activities. 

. 3.  Research  to  improve  the  models'  solution  times  and  ability  to  handle 

large  numbers  of  constraints  and  flexibility  options  should  be  extended. 

4.  Conversational  versions  of  the  FEEO  and  Coherence/Goal -Arc  models 
should  be  developed  for  headquarters  and  activity- level  managers  with  little 
or  no  computer  programming  experience. 
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